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(57) Abstract: Dental implants made at least in part of a highly porous biomaterial such as porous tantalum for enhancing the 
osseointegration of the dental implant into surrounding bone. For example, there is provided a dental implant which includes a 
core formed of with a head portion having an abutment interface and a stem portion extending from the head portion. A porous 
tantalum sleeve is disposed about the stem portion and occupies a substantial portion of the implant/bone interface of the implant. 
After implantation of the implant, bone tissue may osseo integrate into the porous tantalum sleeve to anchor the implant in position 
within the surrounding bone. Other embodiments of implants are provided, each implant including at least a portion thereof formed 
of porous tantalum for improved osseointegration. 
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DENTAL IMPLANT WITH IMPROVED OSSEOINTEGRATION FEATURES 

CROSS-REFERENCE TO RELATED APPLICATIONS 



[0001] This application claims the benefit of U.S. Provisional Patent Application 

No. 60/712,577, filed August 30, 2005, which is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention . 

[0002] The present invention relates to dental implants and, in particular, to a dental 

implant with improved osseointegration features. 

2. Description of the Related Art . 

[0003] Dental implants are commonly used as anchoring members for dental 

restorations to provide prosthetic teeth at one or more edentulous sites in a patient's dentition 
at which the patient's original teeth have been lost or damaged. Typically, known implant 
systems include a dental implant made from a suitable biocompatible material, such as 
titanium. The dental implant is typically threaded into a bore which is drilled into the 
patient's mandible or maxilla at the edentulous site. The implant provides an anchoring 
member for a dental abutment, which in turn provides an interface between the implant and a 
dental restoration. The restoration is typically a porcelain crown fashioned according to 
known methods. 

[0004] Many current dental implant surgeries are performed in two stages. In the 

initial or first stage, an incision is made in the patient's gingiva at an edentulous side, and a 
bore is drilled into the patient's mandible or maxilla at the edentulous site, followed by 
threading or impacting a dental implant into the bore using a suitable driver. Thereafter, a 
cap is fitted onto the implant to close the abutment coupling structure of the implant, and the 
gingiva is sutured over the implant. Over a period of several months, the patient's jaw bone 
grows around the implant to securely anchor the implant in the surrounding bone, a process 
known as osseointegration. 

[0005] In a second stage of the procedure following osseointegration, the dentist 

reopens the gingiva at the implant site and secures an abutment and optionally, a temporary 
prosthesis or temporary healing member, to the implant. Then, a suitable permanent 
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prosthesis or crown is fashioned, such as from one or more impressions taken of the abutment 
and the surrounding gingival tissue and dentition. In the final stage, the temporary prosthesis 
or healing member is removed and replaced with the permanent prosthesis, which is attached 
to the abutment with cement or with a fastener, for example. 

[0006] Although the osseointegration of existing dental implants into surrounding 

bone has proven adequate, further improvements in osseointegration of dental implants are 
desired. 

SUMMARY OF THE INVENTION 
[0007] The present invention provides a dental implant which is made at least in part 

of a highly porous biomaterial such as porous tantalum for enhancing the osseointegration of 
the dental implant into surrounding bone. In one embodiment, a dental implant is provided 
which includes a core formed of titanium, for example, the core including a head portion 
having an abutment interface and a stem portion extending from the head portion. A porous 
tantalum sleeve is disposed about the stem portion and occupies a substantial portion of the 
implant/bone interface of the implant. After implantation of the implant, bone tissue may 
osseointegrate into the porous tantalum sleeve to anchor the implant in position within the 
surrounding bone. Other embodiments of implants are provided, each implant including at 
least a portion thereof formed of porous tantalum for improved osseointegration. 
[0008] In one form thereof, the present invention provides a dental implant, including 

a core, and at least one porous tantalum portion connected to the core. The dental implant 
may further include a head portion including an abutment interface, and a stem portion 
projecting from the head portion. The porous tantalum portion may include a sleeve disposed 
about the stem portion of the core. The core may further include an abutment portion 
integrally formed with the core. 

[0009] In another form thereof, the present invention provides a dental implant, 

including a body formed substantially of porous tantalum, and a bore extending at least 
partially into the body. The body may further include an outer surface and at least one rib 
extending from the outer surface. 

[0010] In other alternative aspects of the embodiments described herein, the core may 

have a protrusion, such as a helical thread, extending though the porous body. In another 
alternative, the porous body may have reinforcement, such as reinforcing members, extending 
within the body, and which may or may not be connected to a head portion of the dental 
implant. In one form, the head portion is configured to be press-fit onto the porous body, 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] Fig. 1 is an exploded sectional view of a dental implant system including a 

dental implant with a core and a sleeve of porous tantalum, an abutment, and an abutment 
screw; 

[0012] Fig. 2 is an enlarged fragmentary view of a portion of the porous tantalum 

sleeve of the implant of Fig. 1, showing the porous tantalum structure; 
[0013] Fig. 3 is a partial cross-sectional view of a second embodiment of a dental 

implant, the dental implant including an implant body and an integral abutment portion; 
[0014] Fig. 4 is a cross-sectional view of a third embodiment of a dental implant and 

an elevational view of an abutment; 

[0015] Fig. 5 is a cross-sectional view of the dental implant of Fig. 4 and an 

elevational view of an anchor member; 

[0016] Fig. 6 is a continuation of Fig. 5, showing deployment of the anchor member, 

and further showing an abutment; 

[0017] Fig. 7 is cross-sectional view of a fourth embodiment of a dental implant and 

an elevational view of an abutment; 

[0018] Fig. 8 is an elevational view of a fifth embodiment of a dental implant, and 

showing a thread protruding through a porous portion of the dental implant; 

[0019] Fig. 9 is a cross-sectional view of a sixth embodiment of a dental implant, and 

showing a thread protruding through a porous portion of the dental implant; 

[0020] Fig. 10 is a cross-sectional view of a seventh embodiment of a dental implant, 

and further showing a head portion press-fit onto a porous implant body; 

[0021] Fig. 1 1 is a cross-sectional view of a eighth embodiment of a dental implant, 

and including a porous portion of the dental implant with off center reinforcements; 

[0022] Fig. 12 is a cross-sectional view of the dental implant of FIG. 1 1 taken along 

the line XII-XII of Fig. 1 1; and 

[0023] Fig. 13 is a cross-sectional view of a ninth embodiment of a dental implant, 

and showing an implant body with a central core and multiple off center cores. 
[0024] Corresponding reference characters indicate corresponding parts throughout 

the several views. The exemplifications set out herein illustrate preferred embodiments of the 
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invention, and such exemplifications are not to be construed as limiting the scope of the 
invention in any manner. 

DETAILED DESCRIPTION 
[0025] Referring to Fig. 1, there is illustrated a dental implant 20. Implant 20 may be 

cylindrical in shape or may be tapered in shape. Implant 20 generally includes a core 22 
made of a suitable biocompatible material, such as titanium, and a sleeve 24 made of porous 
tantalum, as described below. Core 22 generally includes head portion 26 at a coronal, or 
proximal end 28 of implant 20, and stem portion 30 projecting from head portion 26 toward 
an apical, or distal end 32 of implant 20, wherein stem portion 30 is somewhat reduced in 
width or profile (cross-sectional) in comparison with head portion 26. Head portion 26 of 
core 22 additionally includes an abutment interface structure, shown herein as an internal 
hex 34 and an internally threaded bore 36 for attaching a dental abutment 38a to implant 20 
in the manner described below. Although the abutment interface structure between 
implant 20 and abutment 38 is shown herein as an internal hex 34 within implant 20 which 
receives an external hex of abutment 38a as described below, the foregoing arrangement may 
be reversed. Also, many other types of implant/abutment interfaces are well known in the art, 
such as splines as represented in FIG. 10 in dashed line and shown in U.S. Patent 
No. 5,449,291, the disclosure of which is hereby incorporated by reference, or other 
geometric shapes such as octagons, lobes, and other shapes. 

[0026] Sleeve 24 is secured to core 22 in a suitable manner, such as via a cement or 

by sintering sleeve 24 to core 22, for example. As shown herein, sleeve 24 interfaces with 
the lower end 27 of head portion 26 of core 22, substantially encapsulates stem portion 30 of 
core 22, and extends distally below the end 29 of stem portion 30 of core 22. In this manner, 
a substantial portion of the bone interface or bone-contacting portion of implant 20 from 
proximal end 28 to distal end 32 thereof is formed by sleeve 24. 

[0027] Sleeve 24 is formed of a highly porous biomaterial useful as a bone substitute 

and/or cell and tissue receptive material. An example of such a material is produced using 
Trabecular Metal™ technology generally available from Zimmer, Inc., of Warsaw, Indiana. 
Trabecular Metal™ is a trademark of Zimmer Technology, Inc. Such a material may be 
formed from a reticulated vitreous carbon foam substrate which is infiltrated and coated with 
a biocompatible metal, such as tantalum, etc., by a chemical vapor deposition ("CVD") 
process in the manner disclosed in detail in U.S. Patent No. 5,282,861, the disclosure of 
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which is incorporated herein by reference. Other metals such as niobium, or alloys of 
tantalum and niobium with one another or with other metals may also be used. 
[0028] Generally, as shown in Fig. 2, porous tantalum structure 40 includes a large 

plurality of ligaments 42 defining open spaces 44 therebetween, with each ligament 42 
generally including a carbon core 46 covered by a thin film of metal 48 such as tantalum, for 
example. The open spaces 44 between ligaments 42 form a matrix of continuous channels 
having no dead ends, such that growth of cancellous bone through porous tantalum 
structure 40 is uninhibited. The porous tantalum may include up to 75%-85% or more void 
space therein. Thus, porous tantalum is a lightweight, strong porous structure which is 
substantially uniform and consistent in composition, and closely resembles the structure of 
natural cancellous bone, thereby providing a matrix into which cancellous bone may grow to 
anchor implant 20 into tlie surrounding bone of a patient's jaw. 

[0029] Porous tantalum structure 40 may be made in a variety of densities in order to 

selectively tailor the structure for particular applications. In particular, as discussed in the 
above-incorporated U.S. Patent No. 5,282,861, the porous tantalum may be fabricated to 
virtually any desired porosity and pore size, and can thus be matched with the surrounding 
natural bone in order to provide an improved matrix for bone ingrowth and mineralization. 
[0030] In use, implant 20 may be fitted into a bore (not shown) drilled into a patient's 

jaw bone at an edentulous site. In particular, implant 20 may be impacted or press-fitted into 
the bore to provide a firm initial seating of implant 20 into the bore. Thereafter, the bone 
tissue surrounding implant 20 may osseointegrate into the open spaces 44 of the porous 
tantalum of sleeve 24, thereby firmly anchoring sleeve 24 and implant 20 into the 
surrounding bone structure. At a later stage following osseointegration, an abutment 38a may 
be secured to implant 20 by fitting an external hex 50 of abutment 38a into internal hex 34 of 
core 22 of the implant, followed by threading abutment screw 52 through a screw retaining 
thread 54 within central bore 56 of abutment 38a and into threaded bore 36 of implant 20 to 
securely attach abutment 38a to implant 20. Thereafter, a temporary or permanent prosthesis 
(not shown) may be secured to abutment 38a in a known manner. 

[0031] Optionally, implant 20, as well as the other implants described below, may 

have multiple textured surfaces as described in detail in U.S. Patent No. 5,989,027, assigned 
to the assignee of the present invention, the disclosure of which is expressly incorporated 
herein: by reference. For example, sleeve 24 of porous tantalum may have an increasing 
porosity from proximal end 28 toward distal end 32 of implant 20. Sleeve 24 could be 
formed of substantially solid, non-porous porous tantalum near proximal end 28 of 
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implant 20 to provide a seal with the surrounding gingiva such that plaque or bacteria cannot 
lodge on or deposit within sleeve 24 near the gumline of the patient should the upper portion 
of sleeve 24 be exposed to the oral cavity. Alternatively, the surface of head portion 26 of 
core 22 could be formed of smooth, polished titanium to allow ready removal of bacterial 
plaque deposits by conventional oral hygiene techniques in the event that head portion 26 of 
implant 20 becomes exposed to the oral cavity. The porosity of the porous tantalum 
structure 40 of sleeve 24 could increase along the length of sleeve 24 toward distal end 32 of 
implant 20 to promote maximum bone ingrowth and osseointegration of implant 20 along 
implant 20 toward distal end 32 thereof. More specifically, the porous tantalum structure 40 
of sleeve 24 could be formed with a gradient of increasing porosity from proximal end 28 
toward distal end 32 of implant 20, wherein the open or void spaces 44 within the porous 
tantalum structure 40 become larger from proximal end 28 to distal end 32 of implant 20. 
[0032] Also, sleeve 24 may be attached to core 22 of implant 20 in a manner wherein, 

after osseointegration of sleeve 24 into the surrounding bone, core 22 is slightly movable 
relative to sleeve 24 in order to dissipate forces which are imposed upon implant 20, such as 
mastication forces, for example. In one embodiment, sleeve 24 may be secured to core 22 via 
an adhesive material which is slightly compressible, such that when mastication or other 
forces are imposed upon head portion 26 of implant via the prosthesis and abutment, head 
portion 26 and/or stem portion 30 of core 22 of implant 20 may move slightly relative to 
sleeve 24. In other embodiments, a compression ring, a spring, or another type of "shock 
absorbing" structure may be fitted between core 22 and sleeve 24 to allow for relative 
movement therebetween. 

[0033] Referring to Fig. 3, there is illustrated a second embodiment of an implant. 

Implant 60 according to another embodiment of the present invention is shown as a "single- 
piece" implant which includes both an implant body and an integral abutment portion. 
Implant 60 may be formed of titanium, for example, and the body thereof includes proximal 
end 62 and distal end 64, with abutment portion 66 integrally formed with implant 60 and 
projecting from proximal end 62 of implant 60. Implant 60 includes sleeve 68 of porous 
tantalum disposed therearound, similar to implant 20 of Fig. 1 discussed above. Distal end 64 
of implant 60 includes a thread 70 for initial anchoring or securement of implant 60 within a 
bore (not shown) drilled into the jaw bone of a patient. After initial anchoring of implant 60 
into the bore via thread 70, a temporary prosthesis (not shown) may be secured to abutment 
portion 66 while a final prosthesis is fashioned. The bone-engaging portion of implant 60 
may be generally cylindrical or may be tapered. 
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[0034] Referring to Fig. 4, there is illustrated a third embodiment of an implant. 

Implant 80 includes a generally cylindrical or bullet-shaped body portion 8 1 formed 
substantially entirely of porous tantalum. Implant 80 may also be tapered in shape. 
Implant 80 includes proximal end 82, distal end 84, and a central bore 86 extending from 
proximal end 82 partially into implant 80 towards distal end 84 thereof. Alternatively, as 
shown in Fig. 5 and discussed below, central bore 86 may extend entirely through implant 80 
to distal end 84. Implant 80 may be screwed or torqued into a bore (not shown) drilled in a 
patient's jaw bone followed by allowing the surrounding bone tissue to osseointegrate into the 
porous tantalum of implant 80. When it is desired to secure abutment 38b to implant 80, 
threaded shaft 88 of abutment 38b may be threaded into central bore 86 of implant 80, 
wherein the threads of threaded shaft 88 of abutment 38b tap directly into the porous 
tantalum material surrounding central bore 86 to provide a rigid connection therebetween 
which is resistant to pull-out of abutment 38b from implant 80. Optionally, bore 86 of 
implant 80 may include a threaded metal sleeve in which threaded shaft 88 of abutment 38b 
may be threaded. Thereafter, osseointegration of surrounding bone tissue into and around the 
porous tantalum of implant 80 and threaded shaft 88 of abutment 38b further integrates 
implant 80 into the surrounding bone structure and also enhances the connection of 
abutment 38b to implant 80. 

[0035] Referring to Figs. 5 and 6, an anchor member 90 is shown which may 

optionally be used with implant 80. Anchor member 90 includes central shaft 92, a spring- 
loaded pivot joint 94, and a pair of anchor arms 96. After implant 80 is impacted into a bore 
(not shown) in a patient's jaw bone, anchor member 90 is driven through central bore 86 of 
implant 80 with anchor arms 96 in a retracted position as shown in Fig. 5, until anchor 
arms 96 clear distal end 84 of implant 80 externally of central bore 86. Thereafter, anchor 
arms 96 pivot at pivot joint 94 under the spring-loaded tension of pivot joint 94 to an 
extended position in which same are oriented in an opposed fashion perpendicular to the 
longitudinal axis of implant 80, such that the ends 98 of anchor arms 96 engage the bone 
within the bore in the patient's jaw bone. In this manner, anchor arms 96 provide an initial 
resistance to pull-out of implant 80 from the bore. Thereafter, after osseointegration of 
implant 80 into the surrounding bone tissue, abutment 38b may be secured by threading it 
into central bore 86 of implant 80 as described above. In addition to the spring-loaded anchor 
member embodiment described herein, other embodiments may be employed with other 
arrangements for providing additional anchoring to the implant. 
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[0036] Referring to Fig. 7, there is illustrated a fourth embodiment of an implant. 

Implant 100 includes a substantially cylindrical or bullet-shaped body 101 made substantially 
entirely of porous tantalum. Implant 100 also may be tapered in shape. Implant 100 includes 
proximal end 102, distal end 104, and a blind bore 106 extending partially into implant 100 
from proximal end 102 thereof. Implant 100 additionally includes one or more ribs 108 
protruding from the outer surface 110 thereof, wherein ribs 108 may be provided in the form 
of a single helical rib, or a plurality of annular ribs. In use, implant 100 is impacted into a 
bore (not shown) drilled into a patient's jaw bone, with ribs 108 engaging the surrounding 
bone to provide an initial resistance to pull-out of implant 100 from the bore before 
osseointegration of the implant 100 into the surrounding bone. Abutment 38b may be 
secured to implant 100 in the manner described above with respect to the embodiments of 
Figs. 4-6 by threading threaded shaft 88 of abutment 38b directly into the porous tantalum 
surrounding blind bore 106 of implant 100. Optionally, blind bore 106 of implant 100 may 
include a threaded metal sleeve in which threaded shaft 88 of abutment 38b may be threaded. 
[0037] Referring to FIGS. 8-9, there are illustrated a fifth and sixth embodiment, 

respectively. Implant 120 is constructed similarly to implant 60 (FIG. 3), while implant 130 
is instructed similarly to implant 20 (FIG. 1). Thus, implants 120 and 130 have structure for 
connecting a porous body to abutments as described previously for implants 20 and 60. Also, 
implant 120 has a core 122 with a stem portion 123 (shown mainly in dashed line) extending 
within a preferably tantalum, porous portion or sleeve 126 similar to sleeve 68 on implant 60. 
The core 122 extends below the sleeve 126 to form cutting threads 127 like threads 70 on a 
distal end portion of the implant 60. Additionally, implant 130 has a porous sleeve 136 that 
covers both a stem portion 133 and a distal or apical end portion 13 1 of a core 132 similar to 
sleeve 24 of implant 20. 

[0038] Here, however, the cores 122 and 132 have protrusions 124 and 134 that 

extend through respective sleeves 126 and 136 in order to facilitate cutting into the bone upon 
insertion of the implant into a bore on the jaw bone (not shown) and/or to aid in resistance to 
pull-out from the bore. The protrusions 124 and 134 preferably are helical ribs or threads 128 
and 138 that extend respectively along stem portions 123 and 133. The threads 128 and 138 
respectively extend through helical openings 125 and 135 on the sleeves 126 and 136. The 
helical threads 128 and 138 may extend past the porous sleeves 126 and 136 on the core of 
the implant, and may extend only in portions of the openings 125 and 136 on the sleeves 126 
and 136 whether continuously or in separated segments along the helical path formed by the 
openings. 
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[0039] Referring to FIG. 10, there is illustrated a seventh embodiment of a dental 

implant. Dental implant 140 has a body 142 substantially made of a porous material, such as 
tantalum, similar to body 81 of the dental implant 80 (FIG. 4). The body 142 may include a 
bore 144 for attachment to an abutment connector 146. The bore 144 may be a blind bore or 
may have a threaded sleeve, as explained for body 81. 

1 [0040] The abutment connector 146 covers a proximal or coronal surface 158 of the 

body 142 and may be provided with a number of different configurations to connect to an 
abutment. In one form, the abutment connector 146 may have an integral abutment and a 
threaded shank (not shown) received by bore 144, similar to abutment 38b for implant 80. 
Alternatively, the abutment connector 146 may have an integral abutment 148 similar to 
abutment 38a with a bore 154 for receiving a retaining screw similar to screw 52, both as 
shown in FIG. 1. In yet another alternative, the abutment connector 146 may be separate 
from the abutment and may have abutment interface structure including anti-rotational 
structure such as the spline structure 152 (shown in dashed line), the hex structure or others 
mentioned herein for engaging an abutment. These structures also may use a bore 154 for 
receiving the retaining screw. Whether the abutment connector 146 has an integral abutment 
or not, bore 154 on the abutment connector 146 aligns with bore 144 on the body 142 so that 
both bores can receive the retaining screw to secure the abutment connector 146 and 
abutment (if separate) to the body 142. 

[0041] In order to create a tight fit or press-fit connection between the porous 

body 142 and the abutment connector 146, the connector 146 has a distally extending 
flange 156 that forms an opening 160. The flange 156 is preferably circular but may be other 
shapes to match the periphery of the coronal surface 1 58 of the body 142. So configured, the 
body 142 is connected to the abutment connector 146 by pressing the coronal end portion or 
surface 158 of the body 142 into opening 160. While the illustrated and preferred 
embodiments show that the press-fit connection may be provided in addition to other 
connecting structures between body 142 and connector 146, such as by retaining screw, 
threaded shank, reinforcing members (described below), fusion welding or adhesives, it 
should be understood that the press-fit connection may be the sole connection between the 
abutment connector 146 and the porous body 142. 

[0042] In another aspect of this embodiment, body 142 is provided with a varying 

cross-sectional dimension so that a tapered outer surface 162 extends inwardly as it extends 
distally. The tapered surface 162 limits interference with the roots of adjacent teeth, and 
helps to redirect and dissipate compressive forces, generated from mastication, into 
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transverse or lateral directions relative to a longitudinal axis of the implant. The tapered 
surface 1 62 also assists in aligning the implant with a bore on the jaw bone as it is being 
inserted into and through the bore. 

[0043] Referring now to FIGS. 1 1-12, there are illustrated an eighth embodiment of 

an implant. Implant 170 has embedded reinforcing 171 to strengthen a substantially porous 
body 172. These reinforcements may be placed at the locations of greatest stress to provide 
the maximum amount of strengthening to the implant. These locations may be near the center 
of may be near the outer diameter of the implant. The body 172 has a material as described 
above for the body 81 of implant 80. Implant 170 also has an abutment connector 174 
disposed on a coronal end 176 of the body 172. The abutment connector 174 is not 
particularly limited to a specific abutment-connecting configuration. For implant 170, 
reinforcement 171 includes a plurality of reinforcing members 178, 180, 182 and 184 
generally aligned with, and preferably offset radially from, a central, longitudinal axis C of 
the body 142. In one form, the reinforcing members 178, 180, 182, 184 are elongated bars 
and may be made of the same or similar material to that of the abutment connector 174 and 
cores 22 and 62 mentioned above, which includes titanium. The members 178, 180, 182, 184 
are uniformly spaced around the axis C and generally extend in a coronal-apical or superior- 
inferior direction. With this structure, the reinforcing members 178, 180, 182, and 184 
dissipate compressive forces impacting on the implant from mastication. In the current 
embodiment, the reinforcing members 178, 180, 182, and 184 extend from the abutment 
connector 174 in order to provide further anchoring of the abutment connector 174 to the 
porous body 172. In this case, the members 178, 180, 182, and 184 may be integrally formed 
with, welded or otherwise connected to the abutment connector. This results in the direct 
transmission of impact forces from the abutment connector 174 to the reinforcing members 
178, 180, 182, and 184, which further aids in dissipating the forces. 
[0044] The abutment connector 174 also may be provided with a depending 

flange 186 (shown in dashed line) similar to flange 156, and the connector 174 may be 
appropriately sized, in order to provide a press-fit connection between the connector 174 and 
porous body 172, as described for implant 140. 

[0045] As another alternative configuration, in addition to the reinforcing 171, the 

abutment connector 174 may be a portion of a central core 188 (shown in dashed line) that is 
provided to increase the strength of the implant 170. The reinforcing members 178, 180, 182, 
and 184 are generally aligned with, and spaced radially from, the core 188 and angled inward 
toward the core 188 proceeding from the proximate end toward the distal end. 
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[0046] Referring now to FIG. 13, there is illustrated another dental implant 200 with 

both a core and additional reinforcing. The implant 200 has an abutment connector 202 
shown with an integral abutment 210 as one example abutment-connecting configuration. 
The abutment connector 202 has an enlarged central core 204 that extends into a porous 
body 206. The body 206 also has reinforcing members 208. The combination of reinforcing 
members 208 and core 204 provide substantial strength to compensate for significant bone 
loss in the jaw as occurs with geriatric patients. A heavily reinforced, short and wide 
implant 200 as measured on the outer surface of the porous body 206 , is particularly suited 
for replacement of molars. Thus, in one example embodiment, the porous body 206 may 
provide outer dimensions of a width w of approximately 6 mm and^a height h of 
approximately 6 mm. The reinforcing members 208 are disposed and oriented similarly to 
that of reinforcing members 178, 180, 182, and 184 in implant 170 mentioned above. In this 
embodiment, however, the reinforcing members 208 are not connected to the abutment 
connector 202 and do not angle inward. 

[0047] It will be appreciated that other configurations for the reinforcing in FIGS. 11- 

13 may be provided than that shown including more or less reinforcing members. The 
reinforcing members may be provided in addition to a central core of a different material than 
the porous body or may be provided instead of such a central core. The reinforcing members 
may also generally extend in directions other than, or in addition to, a coronal-apical (or 
superior-inferior) direction. 

[0048] From the foregoing, it will be understood that the reinforcing for the porous 

material may include a core, whether a central core, off-center, solid, or entirely or partially 
hollow. The reinforcing may additionally or alternatively include off-center reinforcement 
members, whether or not a central core is present, and the reinforcing may protrude through 
the porous material, whether or not the core also protrudes through the porous material. 
[0049] The porous body 206, as well as any of the porous bodies and porous sleeves 

described herein, may have a tapered outer surface 212 similar to tapered surface 162. 
[0050] While this invention has been described as having a preferred design, the 

present invention can be further modified within the spirit and scope of this disclosure. This 
application is therefore intended to cover any variations, uses, or adaptations of the invention 
using its general principles. Further, this application is intended to cover such departures 
from the present disclosure as come within known or customary practice in the art to which 
this invention pertains and which fall within the limits of the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A dental implant, comprising: 
a core; and 

at least one porous tantalum portion connected to said core. 

2. The dental implant of Claim 1, wherein said core further comprises: 
a head portion including an abutment interface; and 

a stem portion projecting from said head portion. 

3 . The dental implant of Claim 2, wherein said porous tantalum portion 
compiises a sleeve disposed about said stem portion of said core. 

4. The dental implant of Claim 1, wherein said core further comprises an 
abutment portion integrally formed with said core. 

5. A dental implant, comprising: 

a body formed substantially of porous tantalum; and 
a bore extending at least partially into said body. 

6. The dental implant of Claim 5, wherein said body comprises an outer surface 
and at least one rib extending from said outer surface. 

7. The dental implant of Claim 5, further comprising an expandable anchoring 
mechanism having a portion extending within said bore and an expandable portion adapted 
for expanding to engage bone. 

8. The dental implant of Claim 7, wherein the expandable portion is biased to an 
expanded configuration. 

9. The dental implant of Claim 5, wherein the body has a coronal surface, the 
dental implant further comprising an abutment connector covering the coronal surface and 
may be connected to an abutment. 
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10. The dental implant of Claim 9, wherein the abutment connector is configured 
to connect to the body by at least a press-fit. 



1 1 . The dental implant of Claim 9, wherein the abutment connector includes at 
least one of: 

an abutment integrally formed with the abutment connector, and 
abutment interface structure adapted to connect to a separate abutment. 

12. A dental implant, comprising: 

a body of tantalum porous material; and 

an abutment connector configured to be connected to said body by a press-fit. 



13 . The dental implant of Claim 12, wherein the abutment connector has at least 

one of: 

an abutment integrally formed with the abutment connector, and 
abutment interface structure adapted to connect to a separate abutment. 



14. The dental implant of Claim 12, wherein the body and the abutment connector 
have aligned bores configured for receiving a retaining screw. 

15. The dental implant of Claim 12, further comprising a plurality of reinforcing 
members embedded within the body. 

16. A dental implant, comprising: 
a porous portion; and 

a core at least partially covered by the porous portion and having a protrusion 
that extends through the porous portion. 



17. The dental implant of claim 16, wherein the core defines a central, 
longitudinal axis, and wherein the protrusion extends generally radially through the porous 
portion relative to the axis. 



18. The dental implant of Claim 16, wherein the porous portion includes a helical 
opening, and wherein the protrusion includes a helical thread extending through the opening. 
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19. The dental implant of Claim 16, wherein the protrusion is a distal end of the 
core and having a helical thread for engaging bone. 

20. A dental implant, comprising: 

a body of porous tantalum generally defining a longitudinal, central axis; and 
a plurality of reinforcing members extending within said body and generally 
aligned with said axis. 

21. The dental implant of claim 20, further comprising an abutment connector 
disposed on said body and wherein said reinforcing members extend from said abutment 
connector. 

22. The dental implant of claim 20, further comprising a core made of a different 
material from the body and extending along the axis and spaced from the reinforcing 
members. 

23 . The dental implant of claim 20, wherein the reinforcing members are generally, 
uniformly spaced around said axis. 

24. The dental implant of claim 20, wherein the body has a varying cross-sectional 
dimension. 
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